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I.      Iffq?Roflu¢`rloH
ffion&ait©   {Cs,   i.a,   Y,   `Ph}   ,F04,   a  RAin®ral  widely
distributed  in  n&¢ur©  wifih  large  d®pogits  found  in  Br&&il,
¢eylom.,   Non'w&y,   India.  Australia,  S®utsh  Jifri®a  and  the
United  Et&tSs,   is  one  ®f  the  m®gt  important  sources  ®f
thc>rium  &nd  the  r&ret-e&pth  ®l®ment8.     `#h®  min®r&1  is  a
thorium--r&r®-earth  Hhoffiph&t®.     Phe  thoriuB  content  vfiri88
from  4`;ngl  ¢o  30'%,  with  most  or88  con#&iHing  about  8%  thoriun.
Varying  amounts  of  ¢#te®r  el®m©nt8,   such  &s  silicon,   ¢caicium,
m&grn®8iu",   iron,  beryllium,  aluminium,  ti`€rmiuzn,   zireoniun,
uranium  and  1®4Efi  &p®  pro.s®n'C.     Monfizite  belongs   to  ¢he
m#n.@®liflic  t}ryst&1   8F8tem  and  itss  ¢ol®r  ran,gee  from  yellow-
ish  or  r©ddigh  brG"  to  b#®wn  {1}.
||.     ¥#i}  ffinioBlrm
It  was  the  purpose  of  this  Stu&y  {1}  to  investigate
the  physio&l  &mG  Gh€xpi€&1  prop®rtiea  of  the  rare-®&uth
©1emen`8&  and  associated  rare-earth  ®l®m®nta  pr©©en€  in  the
mon&zit©  s&,mi',`ji®!   (a)   t®  $6par&t;6  the  Fare-eaath  ®l®m®nts
and  &ssgoi&ted  metals  from  all  oth®r  @1em©nt8  present
in  the  m®na&itti  g&mfflSS   (+3}  to  determine  qu&ntitativ®1y
the  amount  of  rare-earth    ®legr*®ntis  and  a$8o¢i&ted
2
rare-earth  el®meflt.a  pp@sent  in  ths  ffion&%ite  s€anple.
Ill.       I}qi.I/`ORq}AFTcfa`   oF   Fffff   SFU3)I
E#op  Fears  the  r&r6~earth  el©m®nts  were  r©strfucted
to  limitsd  use.    igror  trh@  most  part,  the  rare-earth  metals
were  usetl  in  five  pFim&ny  &re&si   &rG  carfeons,  flints  for
lighters,  glass  polishing,  ¢racking  Sat&1grsts  and  non-
dtilarizing  &g@n€s  for  iron.    For  these  uses  pure  nare"
earth  el®m®nts  were  not  needed®  &s  mistures  could  do  the
jab  @quailF  &s  well  &t  a  fthr  lower  Goats.
I.\`+;res©ntlgr,   the  eisftroniGs   iELtittstrry  tr&s  created  a
demand  for  pure  rare-earth  elements.     fiRhis  dem*qnd  was
¢r®&ted  by  the  &dvent  of  Color  teigviasi®n.     #olor  tele-
visiofi  dep®mdB  on  three  phoffphops{     Fed„   gr&efl  and  blti©®
She  rare--earth  me*als  &r€  used  in  a  net,`r  red  phosphor  whi®h
is  superior  t®  all  previonsly.  tried  red  phosphorg,  wELich
were  fonfid  to  be  too  dull.     rithig  new  red  phosph¢r  is  a
euraiiitirm-aGtiv&ted  art;trium  vafi&d&te  type  wi¢h  cliff erent
eoxpanies  using  slight  variaEions  in  this  sgrstem*
Hhotls&nds   Off  pounds  of  'purs   euF®pium  oxide  and  pi#r@
yt€rinm  ®Eide  will  b©  needed  in  the  n6&r  future  and  mam3r
s®urees  both  dome8tie  and  foreign  will  have  to  bs  exploited.
For  new  uses  the  indus#ry  which  hGldg  thca  most  hope
for  p&r©-earth  metal  consumption  is  the  eleatroni€s  industrgr.
Hamy  of  the  rare-earth  metals  are  finding  use  as  solid-
st&*e  microwave  d©viGes  wliich  &r©  widely  used  in  radar
}`
s*fffitiL®m8   unutE    ln   cT,QH#'"ni€&¢iaengiv   £SgraSti*rE`€i.       :'{£iim®-©,iArfeh   r#©te&1S
fflEee   €&18Q   th®iHgr   c#mfflidi®r®d   ff®p   tts®   wiS'n   nc;a;t7.f   1,&us®ff   Syst®ffis
which   &rS   Surm®ntil#  tr®ing  &®v€lopse&   {`;r?3.
ui#it;fa   thS   dSRE,rmmrfu   for   rRE`©-©&pt.fi   eei©3#,®rrfes   #m.d   &assoSi-
EL#ed   rm®Scaiffi   Qesnt;i"£&iigr   ine#fr¥S.difflimgt   iS   ias   ¢f   feh®   ra#ffitiSti
iffipQr¢'&n£S,    t.h.@#®£Sr®,    #ci   ariELior£®   &1i   RESnffi#*ifa®   £qL€`S:;tSsi`S®
f®#  ore  Sfmt®m¥.
Gl[AFTRE   11
Rj..FTlff.#  a.F   'fl!5ff  hllER&Iunff
It&ny  &ptiales  hflve  been  written  ccin#©rning  the
fftrygieal  an&  Oh6ffiLc&l  prop®rtieffi  of  the  rare-earth
el®m®nts   {5t  4.   5,  6,  7,  8,  9,10,   11,12,15}.     Liter~
ature  is  alsS  &v&il&ble  ¢Snc®rning  tihe  physic&i  and
ohemi¢&1  pro#©p#i®s  of  the  mineral  mozla&it®  (1,   9,1*).
&©oemtly  mtl€h  work  h&&  b©®n  dQmca  to  gep&rat®  rare-earth
mixi;ur®s  bF  using  speotrophotometric  *®ohaiqu®&  {4,  5.
15,   16)   &rd  a  g¢hem®  f¢p  ¢th®  ¢o7#ple€®  analysis  of  the
min®r&1  m#nffl7*it©  h&S  also  b©®n  publish®d   €14}.
tpHE   Gi{Er{ICAfr   AarD   fjars`IGdth  lr+ROE.``Ei±'Plas
OF   ¥#E  H,.unELHfti?PH   irrfuHREERTS
4ffh®  r&r®-®aztth  el®mentg  are  not  ELfe  all  pare,   the8©
®lem®nt8  congtltuse  t\h®  1&rg®E3b  naturally  oc¢uring  group
of  ©1a"®nt`i3  in  ttrte  periodic  Sgrst©m,     It  is  b®c&use  of
tbe  similarity  in  ¢h©"iSal  mnd  ptryBical  proF©rties  which
cauffi®  8®v@r&l  of  the  rape-®apth  €1em®fit&  t¢  b®  found
togetb®r  in  manF  min®#&1ffi.     It  i8  b®c&use  of  thi$  81milarltF
in  ¢h®zp,i¢&l  and  physical  properti®g  whlcin  ¢aua®S  the  dif-
fi¢nlty  ifl  trying  to  isolate  the  r&r©~e&rth  ®1emsntfi  fpQm
Qn®   &n®#h©r   {8}.
q}he  r&p©-earth  falemgntg  range  from  ®1©m©fit  nunb®r
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58  €o  61€m©nt  number  71   in  the  p®rlod,i®   sgr©tem.     aph88e
elem©nt8  1nclud€  €©#ium,   i--`r&Beodymium,   lS®od,ymium,
Promethium.  Sam&rium,   Eur¢pium,   G&doliniun,  T®rbiun,
ftyBpp®®ium.   Holmium,   -arblun,  Thnlium,  ¥*¢©pbium  and
Lutetiu".     Y*##ium  and  Lanthanum  &r®  ,aluray8  f®unfi  with
the  pare-earth  ®1®m®ntB  in  ths  morB  important  r&r®-®&rth
min©r&1s   {1).
¥h®  r&¥e-®&rt!i  elements  are  &lao  knrtywm  &8  ¢h®
inn®p  t"n8itLan  ®1®ftSmSH.     In  the  rare-©&rth  ®lem©n¢g
the  distinguiBhlng  8l@otrrones  ®€®upy  the  4£  level.
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irHff   ELi;:`£TRONIG   cofiFIGu3iA€Ioi`f   ¢ff
Tit E  Rjl&fu EIR'PH   }rff,,'£|ri gi},t'`¥#
Element     A€c   V¥®*                    fr`1ectr¢Hia  Gonfigu"ti®n
grf±trsf±*$1trhFgRrfe[rfe*rtyfw5RTITfJr+tr3:nyf®url`rTif£+i
grff       wtf f i3+grf ffi:a:jSSi!gr£*pjf.tyRIIVf } flyf ifI±tyh urNf s rif r3±critf af RTlgfH3.
grrfeL$2rds£2:]f}fl¥R3[:*fJgrRIIVfJftygrfe!+rgrfaurIVfJf*Fl¥fr3{;Ffit,fJrRTl&$2
grfS      rtyrf g3:a:SlpSfi*grfa*rtyfbRTAIf i l*f rl. D;rFf3 urAIfJ at£ F+i gr3:cfrtyh cff i;A-i
eetrE3:a:ffftr*||hrfyflftrgrtyfgrRIIffJrrf±dyrtyf>urAlfJrrff+rSR3f3:rSitS,'&ffh
grh      3:I3| igivjgr3: 2:Sfl*g[3:5nf3RTHf J +ifI± !*HfS urAIf I urS grfi2r2Efp;fiS&fil
erfi:      Tsf±*jF2:a:]Ff '3rgrf±grrSftRTwfi I+grit dyf yh RTAIf J urf riiF3:Ff iSf. E!fi[2
Irfj       tr;Ef±r3:Kfi-a:FTf$3rgr3±grf rfF£RTIVf 3 I+F3:trySS iurIVf J nd rTff3r;5,Sf3&f iI!~
*   I,&nththnuRE  &±rd  Srttrlum  are  ln¢l'uded  bac&u3€  of  th®1r
aBSooiation  and  gimll&rity  with  .BhS  other  rSr®-earth
elemeut8.
"  .the  c®nfiesur&Si®ng  of  Serlum  and  €Srbi'um  &p®  gt±1l  unceutaln.
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Due  to  the  fact  that  electrons  are  added  to  a  well-
shielded  lower  orbital,  gives  the  rare-earth  elements  a
number  of  unusua.1  properti©s€     '1'hese  properties  include
similarity  of  oxidation  states,  unnsu&11isht  &bsoxption
spectra,   and  magnetic  proi)@rties   (6,  8,   9.12).
The  primary  oxidation  state  of  the  rar`e~earth
elements  is  +3,   i,-fhich  is  stat}1®  in  aqueous  media.     Evidence
obtained  from  spectrogr&±ihic  data  indicates  that  1;.I.:-a
stabilities  of  lanth&num  (111}.  g&dolinium  (Ill)   a#...'1
1utetium  (Ill)  can  be  rel{ibed  to  the  fact  that  the  4f
orbitals  are  empty,  half  filled  and  coxpletely  filled.
The  Common  oxidation  state  of  cerium  (IV)  is  due  to  the
fact  that  it  is  attaining  the  sene  stable  configurat;ion
&s  1&nthanum  (Ill)  which  has  &n  outermost  configuration
o£  4f°5s25p6.     Fraseodymium  i8  also  found  to  exist  in  a
+4  oxidation  state  and  in  doing  so  it  approaches  the  stable
lanthanum  (Ill)  cQnfigura#iQn  but  never  actually  achieves
this  Stabl©  ¢onfiguration.    For  pr&seoayminm  to  achieve  the
stable  configuration  a,f  ianthanum  (Ill)  it  must.  lose  five
elect;rons  and  praseodymiun  (V)  has  never  been  knorm  to  exist.
The  outermost  electronic  configuration  of  g&dolinium  {111}.
4f75s25p6,  is  aohieved  by  europiun  {11)  and  terbiun  (IV).
This  configuration  is  appro&ohed  by  samarium  (Ill)  which
does  not  achieve  this  stable  eleQtronio  Configuration.    'rhe
lutetium  (Ill)  outermost  electronic  configuration  of
4fL45s25p6  |s  achieved  bty  Ftterbium  {11)   {8).
a
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It  i®  found  tbat  most  of  the  r&rS-®&rth  elem©ntB
including  1&nth&num  are  Strongly  p&ram&gn©tio.     rfriB
.property  18  &gsoeia€ed  wiSh  unff&ired  el®ctrons  that  are
in  th®  4f  shell  and  which  make  Spin  find  orbital  oontri-
butiong  to  the  "agmetic  ErLo"ent.
In  the  seri@B  1&Hthanum--1utstium  one  f inds  a
di©cr©fls®   in  &tomia   giae  wi¢h  &n  imSp®&8®  in  atomic  number.
ghi®  i8  knGwn  &s  the  L&nttianid©  C®atfaction  and  i8  due
to  the  fact  ¢h&t  the  add`ition  of  @1@ctronB  to  the  w®11-
Shl®1ded  4f  ®rbit&1s  G&m  not   ®¥givae`®m®   tire   ©ff®ct   of
incr®&fflieed  nucl®&r  ah&rg©.     A  Similar  ®ffs¢t  i8  noted  in
the  B®ries   l&nthanREm   till)--liui;©tium   (1I1}   {S}®
nmt§IGDi5   u£:Hm   u*xpu\#   ff,FTff}   S,££;REji}IOH
0F   HARELEAftpH   ELREEN¥B
The  "ei:hades  for  ®6p&p&ting  the  rape-earth  ©1e!"®nts
#&n  bS  ejxplained  in  t8rms  of  two  broad  catag®ries!
classi¢&l   RE©thodB  and  Eod®rn  methodg5,     Ufid€r  modern  methods
are  included  ion~ffifio.h&Hge  8®paration  and  liquid-liquid
®xtr&atiGn  techniques.     "h©  ¢1&^Ssical  metnods  c!in  be
3P®up®d  und©p  three  main  o&tQg®ri©8S     fr&€tional  erygtal-
lizatiGn,  frfiQti®n&l  pr®clpitation  and  th®rm&1  #®&Qti#ns.
Hhere  are  sev®r&1  ¢1&ffiBi¢&l  fr&ctionai  crystallization
®Gpar&tion  methods.     Lanthanun,   prffis®edyndum  and  neodymium ` +"in
may  tie  B®p&rent8d  by  forming  the  dQubl©  #mmomium  flitrat8.
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A(£E03)2.£FTH4EN03.4H2Q.      In  &€iditic3nS   sulf&tes   and  donble
sulf&teB  have  beeen  us€3d.     Iuri&ngr  Gomple¥  salts  have  been
invegtig&`bed.,   espefi&lly  tfae  ethLylenediamine¢et;r&acetic
&eia  ¢oxpl@H.     `£`ne  cl&ssic"ii   RIethaodis   involvin{-3  £ract;i®nql
precipitation  rm,©thodfi  &p®  b&s@d  on  diff€Tenc®s  in  b&sicityS
formation  of  d®ubl©  Salbg,   and  ch&ng®g   in  ®xiti.atic>n  Sit;at©S.
G1&ssic&i   t.fuspm&l   r©&ctiSns  ti&ve  been  used   tS   sep&p€`±te
rare~eartsh  chl®rid©s  by  volatiliz&tion.     P¥osS  of  these
m@thSdB   &r©  time   ¢Qnsumimg,   Eedions   &flfi   a,Pten  le&tl   *o
produc¢S  which  {ire  no*  very  pttrG.     It  w&S  nc}S  t2n`til  the
modsrn  methods  Qf  ion~®xch&ng®  andi  liqnidi-liquid  extraction
thai3   s©parations   Qf  the  rare-eamth\  elernents  It&v®  beeG¢m®
i ®&sibl@®     £epffi#&tion  of  the  rare-earth  elements  bar  liquid-
1iqHid  esder&ction  has  toeen  investigated  sinc$  1957,     Since
th&%  time  many  aifferent  SDlvents  have  feeen  used.     3ifaSh
E5olvent  has  its  Swfi  p&rtiGul&r  ch&r&ctgristics  and  ®n©  is
referred  tcS  the  iiter&i;ure  for  furHh@r  infopma¥iQn  (14).
frrnor  afl&1-£tbiGfil  purposes  it   is  neoess&r3r  to  turn  't;award  i®n-
exchang¢  separ&tinns  or  the  rare-Sarbh  elementss.     It  is
€hr®tigh  this  method  that  cQmponemts  Qf  a  ffiiHtHre  may  b©
resolved  Sompl®telF  and  the  individual  ¢omponents  may'  be
pecoveredi  quantit&tivelgr  in  a  high  degree  of  purity.    Ion-
exch&n&.a   tr=`Ghniq"es   for   se3`'j&r&ting  a  mi"i=RAffg   is  b&Sed  ®n
S®xptiom  ,ci`f  the  icms  an  an  e¥c;h&ngTh+e  rssin  foll®w©d  bF
differ©mti&1  diE3pl&cem©n.g   af  t&e  ifidividual   iGns®
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r!uch  mat©ria,1  h&s  b®®n  publi®`h®d   concerning  varii3uB  com-
Sl®xinS   &%ents   and   r©agentc.      pr#ainy'  i;p@¥©r®   have   a3Bo  been
published  ooncerming  the  pL.I  aimti  temper:3tur8s  versus  column
®fficiencF   (1`7,1€?5,19}.
AIgELYxpl¢,`'i'L   ,3¥J ii:;G'j?£{0SG¢.i:'Y   C}P   g#E   [!,AH2;-HEAEt¥}}
;'ILEItrmfpB
rrh®   sp©oSra   of  the  rare-e&r¢h  ©1©m@nts   i®  the  most
powerful  property  &v&ilable  £®r  d®t®rminlng  components  of
mixtures  containing  the  p&r®-earth  elemien€s.     There  &r®  four
main  teohniqu®rs  of  an&1ytioal  spectroscopy  which  have  found
€®n©ra].  ap,plieatlon.     'Phc8e  t©ohniqu®g  are  or>tie&l  &baorption
8p©otroscopy,   op¢i¢&l  fluor®£cence  sr,eotrosco}.!y,   a.¥>tioal
®misaion  Bp®e#rosaopy  and  x-ray  fluorescence  Eip®¢¢rosooF-y   {13).
1n  the  investigation  of  the  absorption  spectra  of
aqueous  solutions  of  the  rare-earth  elements,  it  is  g®en
that  there  iB  ab3®rption  in  the  ultraviolet.  vi®ibl®  and
lnfr&r©d  r®glonB  of  the  8iajsctrum.     !Ph®gc  ab8or'ption  bands
&r@  complex  and   sharply  d®fiHed.     `rheae  Sharp  bands  &r®  due
to  the  pure  elS¢trQmic  traLn§itions  involving  the  4f  3ubshell
which  ls  prot®ct®d  from  p®rturbati®ng  by  ionic  fields  out§id®
the  atoBlc  system  by  t.hG  5p  and  58  Outer  8ubshellg.     Yttrlum,
lanth&num  and  lut®Sium  &r®  the  only  elements  in  bhe  r&r®-
e&r¢h  group  which  posseB8  no  &b8®rpti®n  b&nds  in  the  optical
r®glon  a.f  the  gp©ctru".     rh®  major  draw  back  to  c>#tioal
absorption  8p®¢tro8copgr  is  its  inability  to  a®termine  trace
qua,nSiti®&  of  rare-earth  impurities.
1a
¥"ABE'j:rd:   III
ffi#ErfuEL   ARE¢#it£*`[illvl#I"   ¢ff   ffffff   fid*i.E.EELfrELmff#
#ELAREq£ENffs   ipffiSFi   A    Bffl¢ffiffi¢&RT   ffl#"EL   a   ij
S#,###SiSfr iiStt##ffiL#RE   !# )























*   ffl#ngiHc¢±Sm  Sfa©##iGfi®ffi#   tl®ti©rmfrfl®tl   exmfimg  a   #hS*trffi%frti&#li®#
13
Although  optical  fluoresEence  spectroscopy  of  the
r&Fe-earth  elements  has  been  known  since  t-h®  i930'st
an&1ytic&1  applicaticyns  hf&v©  not  been  too  e±deensive.     ¥h®
main  r©&gon  far  i;his   E3iow  dgv®iopment   is  dug  to  the  i&Teak
fluoregcene©  lines  urhieh  are  ob*&inetl  and  `t;hat;  the  best
wavel©ngbh  for  eH¢i#ing  #.hg  fluopesoefi#S  ig  foelow  25QOA
(15) .
£Jpticfil   @miss3ion  gp®¢tr¢scopy  Can  b@  utilized
for  €he  de'#S¢ti©n  and  quarfeit&teive  d©t@rmin&ti®fi  ®f  all
r&re~©&rth  ©1effienfag*     fJ?h®  biggest  difficulty  Sncount®retl
in  ®ptic2&i  @mi8Sion  sp@#Sffss€opy  is  thrfut  many  of  the
sp©et#&  are  v©r5F  Gom#1e#,  p®Ss®ssing  th®us&md,a  of  lines
of  nnifQrm  ini;ensitsgr.     ESS&uses ,®£.tfrisS   op€ic&l   emigsi®n
sgp®cfarosG®py  i,c3  msu&ily  ¢rilgr  usefi  to  determine  those
®iemeBts  which  ¢&rmot  be  defa'ermined  tsFL SP¢i¢fai  ab3¢xp.*i®fi
gffectros®oPF  {i3}.
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¥.h®  1&Bt  method  which  ia  Commonly  utilized  i8  x-ray
fluorescent  &E®ctrasoopF.    Pfaig  teehniquS  is  based  tin  ¢h®
int®n©ity  m®&g}urem@nt   Qf  th®   fltfor®SG©nt  x-mys  emitted
when  a  s&mpl®  i&  irradl&ted  with  ®n©rgr®tic  #-rays.     The
major  draw  bcacife  in  this  method  ia  due  to  line  inS®rf®ren¢es
anf  overlap  of  abaorpfai®n  edgB®.
LIRE,#maELS   11£
!ffi£RE   RE¥ijREfiRErmunrfufr   IEJT#RE'i`'1fi#iapl#ffi   #F   xpSfaS
ffi##,Srfu#I`#¥£   fr##F{   ±i,A#ELffrfuLRrE`FT    ELVREEjffiSS    .&ifeTS    RfrELrfuff#'B
RE,RE#jlL#
SaE#Si;.jfi'¥¥    Affl#    ff4ffi^RE``L+#*ffiifel#|iulj?S    SFT    ¥FTffi
ffi(jRIA#IPE
E'h$   8&xpl®   of   m¢rm%iS®   w&s   rfeSthir£®fi   bar
^#r.   JffizFTchsffi   £S{fiwin   J®hnscin   fr®ffi   Sfaffi   rs&r£   Hill   a£¢*iofi
®f   Zngatli8®fi   S¢timfa#-,   ENSrttfi   G&#olinth.      ¥thfi   B&mfr`ie   '#eighSd
&b~;#r$3gimimS®igr   fi3S   aspfi"ffi   thud   #fis   gr8ilsbe+ishmtsrSwfi   im  ¢¢£Q#*
fi  fiji®G#  ®f   Sh¢   g&m#iS  *r&S   ¢toi#g®d   c»f£   "nd  pl&Ged   in  a
fii&m{fini#©   m#gr#©r,   a   SFT*h®tzie   g{tAfitEphiirE   m¢#1dfid   umtl©m   vary
higrh   ffFSASee"r©   &£rfu   t®xp®pfiS'tir®.      ft£Sh©   gft!mpl©,   whiSh   Mag,   £®Hifefi
SG   Z}e   ®#Snem®1vry  :EL&rdS   .vv&S   g¥Sunth   #ti   a   fiH©   ff#irds#  tisimg
a   #i&asSmit®  #®s-#les*
ff'i:#.ff   ca£:#ae¥i{S   t}\P    `¥ffi.'#   ffisgTiTA&rr.fe':
Of   &11   the   ffi®Eho&ffi   whifth  e&m  b®   nBasi   fSr   bh©
d®e'SRE5j#EiiSiSn   ®f   Str®   ffiorfufisitig,   tine  m®€`ho&   ifiv#iving   the
u@®   Off   cBn¢camfars"t®d   ®ul£3hB#ig   &Gitl   ®®®ms   So   b*~w   ftyhca   b®si3*
J`1Sh@    ®q¥`1`]fei©    gr,ffily¢tiSn   ®#   t:Ei®    E5#lfii¥rmrl¢    &€id   tlias©Et   m±*gr
SO.Eat;.&inv    #nar   S#   ffiil   0£   'b'ti®   rare-ftdi#Sfa   RT]®#alas   with
1&nShftEL"Hi,   grti*griumt   &lurmimiuffit   #ai#iti".   m#,Bm©SiuRE,   i#®n
ls&d,    Si'tsrELELiThffiS    IAr&miuffi,    ¥r£&ng€*nSEe*   ®¢ditfm   &nd   Ezt}ij+&assium.
i?
gh8  insolubl®  r©Sidu®  frctm  the  mon&aite  dig®sti®n  is.
g®n®rally  ®f  a  ¢ompl®K  €onpQsitiSn.     1€  may  oon¢&in  8ev©r&l
o3cid©  "in®r&lfl,   3u€h  &S  qu&#¢B,  m&gn®fali;a,  "tile  and
ilmenit®t   wit;h  8®v©m&l  ®¢h®r  8ili¢at©  minGp&1s   (iJL}.
8ULPREU#I¢   A¢HB   AFT,AOFh   ®#   BHE   #OffchzItjlff E
Six  8anplEB£*  ®f  &b¢ut  i.0  grans  of  the  fiH®lgr'
poprd®pSd  mfaneaitft  wSpe  &¢®tLrfut®1y  w$1Shed  uSing  a  pri®ttler
Str&m-rfutic  b&i&nee.      Phs  w®i,gh©ifi   BamE>1®S  w®r®  then  oap®-
fuiiy  tranSfSr#®tl  *¢  a  13  "1  pl&ti"rm  oni¢±ble.
I.8
`inAB|¥  ¥
THE   t#EIG¥{E$   oF   gHH   IfflBIvlfluAL   SAMi;has   oF
r!#£TS'AzlrE   ¥fidj[3"ts   :#'fjtR   ARE.rfu.I;Tts|S








¥®   ®€&c*i   S&fflpl®   1`?   ml   of   r®&ffi©m¢   gped®  Gsn€®"tr&t¢d
®Thl#}huri¢   &®ick   #ms  did&®di.      #h®   ®ru€Ebl®   #S&   i;h®n  cc*xp®ped
am!1   #ifiGsfi   on  a   type   Z6?S#   qthe!rm$1ymca   h€jfty   #jl&-b€  uriSh   Sha®
*S"##pffiS%#®  ¥Sgrtll&¢g&   tidi   £S#®#.      ¥hi®   asuiEthupiS   &#i&   flt#&Sk
'w&s   &11S#Stl   tie   ¢oatiHtifi   unSil   feher  fiigfflStii®fi  tw&E   ¢c*rm#bistiS.
'Efa®   Eimfty   £#r   ¢®ffl:.r!1&igee   fiigr®ffitiion  v&pi®S   wiSh   tsh®   qqi.&fi   ®f
the   s&REffl®,   hew8v®H   ifa   w&s   'fsuffitl   ¢iratr   tin\®  fligr®®Siofi  i#
ufiThfillgr   ®®mpiesss   in   £@#tor  S#   sister   fag+VI#s,      j&ftyft®#  Sfas
S&xpl®  w&S  Ei¥esn  fftl#fi¢ieerati  #£.mf   t¢  ¢¢¢i*   its  Germ#®atg
w®ffg   qu&n*iS&#ivcaly  fi#&fisf S##Sdi  t.a  a  2S®  ffil   Bfflffl}fis#  t3#n-
SELfiffiimg  lffiti   ml   c*f  dilastsill®st   wffl#Spt   "Simg   a   3®fa   6£  &iffiSillefi
w&tr©r   BS   S®m`pist®   i;h®   .Srmflas,f*r®      I:£'hi'S   b®ia£#®ff   ur&S   Sh®fi   ffi®mtslgr
wifeq!#m®fi   off   a  fa®t   #1&tee   for  1`5  RTaiffiu#©S   #r  T€ntil   Shfty   goiratritin
w&,S   $1®fa#,        A   &RE&11    &`msra#rfe    ®g   ]Hfa#ti#&S®th   tvyThthteREanm   RIG+    4Z
&asThlSsS   #iit®r   r3&p®r  ur,r*s   &&th®d   anfl   t!'iti   RE$1"faiSfl   w&s
®tipm¢ck   #®#   g&v®   rm±mttt®g*      ¥ir®   ®#1uSi3fi   w&S   &&&in   &±L1Sw®d
\#¢   ca®1.      j#nefriSi©nS   '#im®,   a.i#Em®#ian&t&lF  1   hour,   w&*S   asiv®m
€S   ffiilLSw   ¢h®   ffl&¢®F&fa®d   fiits®Ir  p&p®#  S®   @®*tll®*      ffffa®   8®iut±SH
w&&   S&tsszi   ffiiseersd   tthr®uasth  8.5   #m  ;rfu&thm&m  i,S#.   diLf   i,`iittir
#&Ffesr   Msing   ee@£Atsle   asu#biSnH       ,#rfu&S   tiniS   ffoiELt   ifeha®r®   ffifrofiuid
t*ee   &t*£SimtgiF  nS   r@giifttS   i®fS   ifi   SfaS   filfrgr&#ffi.      `uliqth®   giiti®r
p&£3Sr   w&£   *-'ffi®m   wffisfa®&   th?i#it   1S#   *"i   Siq   thiS¢iii®rfu   #ffit;far.      jghi©
w&fflELing8   an¢fi   *h®   giiS#&S®   wfir©   {faliesn   a#gr,t*i#ed   a,iferfu   #hca
s$1u#i#EL  w&®   tli`i"Sffi&   i;a   as#  ffll¢      .#his   85#itltiSn  w&ffi   tfa®n
gflv®fi   anch   ti£S&   gSr   Shfa   qufin`tsife&tiivG  tl®%SffrmirabiciEL   Dim   t&@
&Qid-s®itifrl®   Sm¢S&1B®
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•`.rhS  filter  pa¥j©r  oonS&1nLng  the  acid  lnsolubl®
p®sidu®  wag  pi&¢ed  in  a  ur®igh®d  |31&ti"rm  omcibi©.   'The
crucible  wag  ¢®vered  and  g®ntlgr  heated  using  a  buns®n
burner.     After  mcaBS  of  the  paper  had  aharr©d,  tih®  cru¢ifal®
tr&3  pl&c,ed*  in  fi  tsyp®  56  rjtiltiple  Unit  heavy  du*y  funnao€.
¥he  t®"p8mttsr®  T+.fas   zr8gulaSe!d  So  lou®tr#   *Q  r®ffiov®  all
€grth.rbon&3e¢u8   mat@ri&l.      f¥hgiv   ©nfyirs   pr®C@B9  wag  usually
Complete  within  i;wo  hours.     ¥h®  Qr'ucible  Wag  th®n  r®mav®d
&"a  placed  in  a  d©&1o¢ator  with  Bri©rite  {anftydrou£  #&S04}
&g  Str¢  a®B1¢tt&nS,   and  allowed  too  ®ool  ¢Q  room  te"pQr&ture.
aph®  £tns®1ubl©  re.9idue  w&a  th®n  w©1gthed  *®  ®oRstant  weight
using  the  Gran-j$4tl¢  b&1&n¢®.     Pw®  d®t®rmin&tions  were  ma&8.
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"ro  s&rmpl®s  of  finely  groutid  m®n&Elt®  w©r®  .itelgh®d
using  the  Gram-Ati¢  faal&nc#  and  placed  in  pl&tim*m
Sru€1bl®8.     ¥he  s&mpieg  vep®  then  put  izfto  a  FBigher
Senior  Is®t®Amp  ®v®fi  &nd  fillowed  t®  reffiin  &t  110°#  Pop
Bftv©r&1   h®tira.     The  Banrl®8  w®rS  tih®n  r®"ov®d  and  weigh®fi
to  constant   w®igte¢  using`  the  Sp&m-Ati®  b&1amse.     !P¥i®
#afe®r  ¢®n€snt  rag  d®t©r&ined  toy  i;cking  the  diff®r©n¢®
bet;wean  ¢h®  iniSial  al?.d  the  firml  w®ighing®
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LroflARy
A|"athlen  S.I.  Teachers  Collnge
un fu a
9h®  ion-®#Qhange  resin  v&&  supported  on  a  &enl®d-in
eoarge  p®roflltF  frftt®d  g1&g8  disk.    fph8  flow  r&t®  of
the  proked  Column  wag  50±  1®  "lithour.
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K.  S.  rmtjng  and  J*  i.'.  nllay  {i4)  o&rried  out  numerous
expcrim®nSg  fie  d¢termlne  the  mQ8#  Sati8f&cS®ngr  ©1u&ntS
for  the  a®p&ration  of  the  r&r®-earth  group  from  the  o#ke®r
©1ement$  1ik®lF  to  bs  prssBn¢  ifi  th8  gulphtirio  acid  digest.
Simo®  m®fl&&it®  ®Snsists  of  metal  phosphaSSB  it  was  decided
to  H&gh  Sh®  a®1`2FTin  with  distilled  w&t€r  until   fahc  givlu&t®
gave  no  re&ctiQn  gop  ph®e3ph&*®.     It  was  found  that  with
1  g  &&mpl©g,  a  i  ®f  di8tilied  #&t®p  w®#©  n®c®s8ary.     iiturther
inRT®gtigati®fiff  fagr  Shese  &uShors  founfl  tfu&S  wi*h  a  1  of  i  H
hsnaroohlorlc  acid,  odilQlma,   m&gn®sium,  mangan®a®*  1€zLid,
&luminun.  iron.  tint  trit&nium,  up&n±um,  sodiunr  and  pot&s-
gil±m  w©r®  ¢®mpl®tely  ®lut®d  from  the  colu"*
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Phs  r&r®-@#drth  grouFi  ana  thorium  wore  not  eluted
with  lw  hFdrochloric  acid.     Further  ifiv©rsSig&tion  Showed
that  the  rar®-efirth  group  wag  ®®mpl8t©1y  ©1uted  from  the
column  witti  I?50  ml  of  3H  trydrochloric  acid.     The  thSErium
r®mriines  ®n  the  ®xchang©  resin  and  may  u©  r®mov®d  with  BOO
ml  of  3.6N  sulpburic  acid.
`Th®  1RT  hyaro¢hloric  &aid  solution  was  pr®B&F®d  by
diltiting  366  ml  of  cono®ntrate&  r@ngent  gmd®  hFdrochloric
acid  S®  2  1  with  distilled  watsr.    The  5tt  hy&rocbloriG
acid  solu¢ion  w&a  pp@p&red  bF  diluting  1098  ml  of  con-
centrated  r®agSnt  grade  hydrochlorio  acid  t®  a  1  with
di&€ilLea  w&€er.     The  &¢id  golu'€i¢n  w&&  €itrated  with
Sodium  h]ndroxid©   €o   a  pfa©m®1i.iihth&1ein   end   point.      !tph®   ®xaQ€
norm&1iti®s   ¢£   thfr  t"cid  tedias  fotind   to  be  1.02H  andi  2.991*
r@8P©aSiv®1y.
•Ph©  400  ml  Solution  #f  the  Sulphurlc  acid  dig®at
w&®  pa&S®d  ¢hr®uish  ¢hS  colum.     The  Column  wag   then  washed
with  3  1  of  distilled  w&t©r  t®  rem®v®  any  tr&c®S  a.f  phosph&.t©
which  Could  int©rfer®  with  &nSr  a.f  the  dgterminations.     1`h®
psrcola,€®  and  tih©  w&shings  were  then  r@j©ct®d.     rfull   €he
met;&l$  less  the  r&r®-earth  group  and  th®z`ium  w©r®  then
removed  by  ®1uting  the  ion-ex¢hang®  column  with  a  1  of  1.02£¢
trydrochlorio  acid.     'Hhi£  ®01ution  v&8  also  r®j®®t©d  th8  1¢
wa8  only  the  g©p&rmt;ion  and  det©rmlnaSicin  of  the  rare-earth
gr®uFJ  which  lt'a8  or  primfiry  imter®st.     ;Ph®  rare-earth  group
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was  eluted  from  the  column  with  750  ml  of  2.99N  hydrochloric
acid.     1`he  elu&te  was  then  divided  up  and  placed  in  four
250  ml  Vycor  beakers  and  ev&por&ted  almost  to  dryness  on  a
water  bath.    .The  residue  was  then  twice  evaporated  to  dry-
ness  with  10  ml  portions  of  reagent  grade  concentrated
nitric  acid  to  remove  the  chlorides.    The  residue  was  taken
up  in  25  ml  of  8.5  nitric  acid  which  was  diluted  from
reagent  grade  concentrated  nitric  acid,  which  was  prepared
by  taking  13.9  ml  of  the  concentrated  nitric  acid  and  diluting
it;  to  25  ml  with  distilled  water.    This  solution  was  then
used  to  separate  cerium  from  the  Other  rare-earth  elements.
Cerium  is  not  readily  determined  spectrophotometrically
as  it  interferes  with  all  other  d©terminations  in  the  lower
region  of  the  s£3ectrum.     The  molar  absorptivity  of  cerium
also  varies  with  temperatnre  and  cerium  is  difficultly
soluble  in  one  molar  perchloric  acid  {4).
sREARAgloRT   cli3`   GEifilum   FRorl  pi{`E  OIHm
RARELEjri,R'TI1    `!-:ELERE.EN`P£
yiost  analytical  methods  of  separating  ceriur.  is
based  on  the  fact  that  cerium  is  the  only  rare-earth  which
is  e&silgr  oxidized  from  the  triv&1ent  st&te  to  the  tetra-
valent  state.    Further,  it  is  found  that  the  properties  of
cerium  (IV)  compounds  are  different  from  those  of  the
trivalent  rare-earth  group.    `Ietravalent  cerium  is  easily
eHi;racted  from  a  nitl'ic  acid  medium  by  a  number  of  organic
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Bolv©mt.S.     #i®thyl   Other  h&S  been  ti®®d  tc}   ®#tim¢t   c3erium
from  tt}S  osfu#r  rm#®-©&rth8.     `£h®  distinct  digathvfintttRg®S  of
using  this  solvent  i"  tshat  its  h&@  a  S©Bd©n®y  to  crs®p  and
i#  angr  ffenoxlde  tr®r®  pr©8®nt  in  th®  ®th®r  lt  would  re.dua©
the  ai3rlum  b&€k  tsS  th&  trlval¢n€  S€&t®t     Sl®Htl¢min  ®t  &1.
{2L}   s!Sudled  the   Brfe#".S,#1¢m  pf  ¢®#ium  with  m®ttryl   iB®bu¢gr}
k®tSne  and  fotmd  ¢®rium  Sti  b®  qLu&ntii€&tively  ®ifer&eted
frfiffl  fu9ffi  nit#iS  floitl.     {`-iethFl   is¢fangtFi  kst¢ifeti  has  aSv®r&l
&dv&nta3®&  ®pr®r  dii®¢ftyl   ©#her  Sin¢®  it  does  not  p®rQ#1&afa¢*
it   i&  mush  1©88  voL&tll®  and  1¢  ck¢gB  not  €r©Sp  llk©  Shs
®#hffl#,
Eh®   SthlufylSn  ®f  the  p&ra-earth   ®1®#i©nisB   iffi  #5  ffil   ®f
8.5N  nitri®  &cia  iri'&S  #p&n#£i##r®di  to  a  ago  ml   9©p&patary
#ummfrl  "ging  a  fur*h©r  25  ml  ®f  ®t5EN  ndSpi¢  aGid,     A  Cezi*-
O-#r&"  t#ipl®  Ssmm  b&lanGe  w&xp  u8.®d   tti  w®iffh  ®uS  a.5  ff  C>r
grishSr  €ertifled   fa©&ffi®mS   Sff€&&e   sodium  brom&t®*     .¥his  ey#ffi  uBed
#®   S%1tiiz®   8hffi  c®pium  f#¢rm  #h®  tiFivfil@n`t;   £t&¢e  to   the  t®¢r&-
w&1®Ht   #t&*8*      £i'fa®   Far8q®&rth  mi3rfeng#S   wffiff   ¢fu©m   ©xSr,v¥o¢©fl
#1th  loo  mL  ¢#  I.#iash®r  S®ptifi®d  Re&g€nt  8rdidtl  "ff¢`tryl  ifiS-
b"tyl  kgton6  for  tELr©®  mfirmti®fi,     gh®  ®rg`2aiS  ph&©®  wag   ifehen
p¢u#®d  Fi&  th©  top  cFf  the  &¢}7armti®rF  fftLrm®L   into  a  a,50  ml
8ep&r&±Sxpr  #unri®1  ®Snt&i&1ng  g5  ml   of  8tlsEN  m£¢trlc   faaid.
Af¢®r  Shedclng  fop  tswc  minut®S  ¢nts  ke*oes  ph&g®  w&as   #*£imffiw
f spmed  ta  a  50Q  ml   3@p&ratSry  runm®1  ¢Snt&ining  i®O  ml  of
digri3£1i®th  wffis©r  and  i  ml  of  30%  Fi8hgr  ¢&rtlff ed  R®&gent
3®
Gr8d©  hgrdmg®n  i»SroHid®.     'Ph®  first  mitric  aLcid  ph&a®  ia
p©-®Htr.actSt&  wltih  a  furthsp  1#0  ml   Sf  ffi®t;tryl   is®butyl
k®ton®  £011®wea  by  four  Sxtip&®tionffi  with   50  ml   c!f  th©  kston@*
I,A  ®\q®k  cas&  the   ®xtr&ct  w&S  w&Bh®a  with  the   £5  ml   &1iqu®t
of  a,5H   mi¢ri®   &Sid   S®   rcafflov3   REgr   ©¥#raR¢fe®d   r,&r©-®&utit
©i©m®ntS.      'E?is   tswc!   mi'&ria   &Sfd   ph&g®®   w®r®   th6fi   quffirfeita-
tiv®1gr  S#thfisf@rr®fi  tis  a  60.S  ml  ts®&k®r  and   ©v&pona€ed  to
&rynesgs   can  &   w&S@p  b&Sh+      Ttris   #®sidt&©   w&E   ¥.teem   used   to
aetSrmin®   i;his   r&p#-®flFSh   @1@m®ritB   iff®a   oeri"RT„
The   5.00  ml   separatory   TunH©l  ¢®nt&iELing  the  combined
7F.eefe*'i#1   i.S#ts"t;yl   im:-ct#ns   gKtp&ctffl   E"tl  dirdSB   try&P®gen  #®P-
Qxide  w&a   estl&k©n  for  two  minti%eas   to   tranfff@r  bits  oeriuRE  ¢o
bh©   &qussttffi   #fifRS®.      ffit®   fiqu®®tts   pha&ffi®   was   run   int;a   a   goo
ml   b®&ker  ftn&   bite  k®tSne  #h&S®  wfls   wifshg&   thrs©   i=im@s  with
di^iafeill©di   wifet®#   to   r®mc!v©   enny   @fitF&in®d   c®pitim.      !Eh®
&qu®ous   pthasBe   and   the   wanshimg®   w®r®   Sh©n   ®vap®F&S®d   to   dnyM
ndPess   ®n   a  w&ter  b&th®      "hi&   r®Sifiu®  `#&£   us®di   f¢#   the   quaR-
$1t&tiv®  d®€©rmiffi&Si®n  of  c@rium.
ti#t"irlBfajglv#   D#ff3furiFTalE\i,i{A&*1'I#RT   ¢F   # #£il'URE
The  residiaj®   fffQffi  Sh©   ©iF&##r&ti®n   o#   c@rinm  was
dissGiv®d   in  rfu5®  ml   of  distill©tl   w&,S®r  #¢  whi®ife  a  ml   of
rScaseent   grgfad©  conc®nSra¢®d  Hitpi¢   &¢id  w&©   edd®d.      {rhirtgr
ml  of  a  S&tiur.er%®fi  Bfffllic  acid  8olution  was  added  wiSit  #Sfl-
at&nt   Stsir#ilt€g.      ``fftre   8Qluthion  w&s   heaS®d   on  a   Ptr®rmol¥He
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ho'b  plate  to  68°€.     'rh®  pH  of  the  Solution  was  adjusted
with  r®&gent  gr&ii©  G®nc©ntra€ed  anmonium  hydroxid®  until
the  Solution  was  5u8t  on  the  theld  8id®.     !The  beaker  was
Sh®n  c®v®r©tl  with  a  watch  glass  and  allowed  to  dlge8t
for  24  hourst     Sn  the  following  day,  t`ne  ©olutiofi  was
filt©r©d  #ithotlt   Suction  through  11.0  cru  di&met©r   rfh&tm&n
1§S.   541  filter  folded  within  a  rvo.  4£  filter.     `The  pr©-
cipitat®  wag  i;r&nsrer#ed  to  tbe  filt®r  wi"Gh  a  d@t  of  -not
di8till®d  water.     Tth®  mr®cipitate  and  Sbe  f ilter  were  then
"ashed  with  hot  distilled  w&t®r  and  tr&ngferr8d  to  a
\
weigh©fi  pl&tlnum  crucible.     -Phs  crueitole  wag  gent;ly  he&t©d
using  a  bun8en  burner  until  all  moisture  and  mos¢  og  the
paper  was  burned  off .     ;jTh®  Platinum  crucible  was  theft  pl&c®d
in  a  muffle  furnace  at  9cO°C  until  &1i  the  carbon  was  burned
off .     Th®  crucible  wag  then  heated  to  1000°C;  ror  i  hour,
cooled  in  a  des3i¢&bor  ,and  weighed  &s  tt7.a  dioxide.
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I,H i.:;    EiiLrm iv;!`££u;|ii,,`hfiii|`Orv    t',iF.    `'rHE  ` ft,`Lt`tiT;-..#.faa'r+ng
REvjj;;REEF{''ff#    ]rd,¥rfe ,`;     € {i.Itlu£{1    AIJD     jrjh i:ip'j`.!Sffi£P.L~S
fLsi`£€)a I.furJ] i`;D     \>,\¢r|.rEI    !FffiE    ffitfui.Z}ch:;-E!`ijl}LPEI
L'lhJ!,,,l.1ir;P?'#S
`#h.:.t.   rssL`;!~ue   fpom   thS   nit-i-ric   t``;laid   ev&por.Ant;ion.   ?`r,Fas
dissr+lved   ir`t  ffr5\:)  ml   c}f  distill\`;a  w&t6r   tCi  whiah   £`  ml   of
rf},:-i€5ent   grL'i.de   cSacftint.T`fated   nitspic   acid   if7&S,   adfj!`t?a.      !`Phirt;gr
mi   or   a   s€;iturat@d   ®x&1ic   i".cidi   sQlut;ion   w,':`is   ,~|dc-led   with   cGR-
st,'i,iri±G   .Stirring.      ;i!h&`   :u3olution  i#,Es   he&`Sed   Qn   a   rpherm$1grni3
hc}t   plate   to   6g^Stth`tj.       Tbe   £~jt;i   t)I.   tl;..a   fpolu.bif`)n   trfuras   &dju.'3t;¢3d
T;A.fiSh   ri3€rRg\rjrit   gr`ad.,\fj   concentr':;ted   &ELrLiQniuri'l   hgrdrc}.T*ide   un'bil
thf?   .solution  let,Ja+g   Slight.lty~   &c}|:+¥.ic.      The   bfiak®r   was   then
ccwj:5r8d   v,+ill-h   a   T£.Sr&4*cti   g1',A,;,sS   &ftd    &lla.i7ed   to   dig£;st;   fc,.`,:'    24
'rfcy`iiis.       Cin   th€3   folio+,,,t7in{3;   dtzAFp    th'.`.i    .{3cilutlon   .ELFSf    fil`\iGere!j
~`-Jithc3ut    Suatic`jn   tl`rsirGurrinh   ll.i)   c}m   di,aHitst;gr   I,th&tri:iian   I^'`7o.    {341
filter   folf!t`t¥d   `£fi'bTnin   €i   £¢`Q.    rfi,!?   .fi:Lt;Sf..       ''ffhL¥   prScij:.`jita.8e
*Vas   Sr:a;f3Sf erred   tf.?.   i;h{3   filtsI`   t¢Tith   a   jr.kt   of   +LiGt   di;`j,till;5d
`Sp,r;:3t;®r.        1tirs   Pr€.}£i-pit,I:4t&i`    tl*rfum~i   thee    fiit€3r   w€jrte    t;hen   h,.I,ailj}risd
wit?3   bat   €`iii;till{=jd   ¥i#.a*t`(`-3r   and   trarigfeFrSct   t;c!   a   platinum
¢rucibli=J.       'rhr~3   a.TuclbrL€   wJa#   L¥€:n`bl,'',ir   hg&t  rl':`{   with   fl   bunsen
bui`nt£,!r   umt;il   allL   moi£5ture\`  and   most   of   tshe   f}ap©r   wcTis
burned   of,rc      '`1'he   plt&tiflum  crucible   w,fl.£   JL:Lien   `L`ilaced   in
a   muffli¥   furn;lice   ,ab   :\;``:`.?{'¢   uritil.   a.Il   the   cfrirbon   t7F€is   bu.t`n®d   Off.
•rhf3  i¢`rucib].t.3   vi&S   i;ife8n   h®f9Lted   ttt -.1:]r,`ofjc!   £Or'  1   hour,    cQolsd
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1n  a  dissi®&tor  and  stored  as  t`hS  oxide.
'Ahe  oxide  was  ther.  tr&n8f®r.red  q``ifantit&tively  to  a
250  ml   round  bottom  rla8k  using  10  ml  of  60?-S  P,eagent  Grade
perchloric  acid.     Fort}r  additlc;`nal  ml  cif  i?©rohloria  acid
were  &dd®d  and  the  Solution  was  refluxed  using  a  8rouBd
91&88  r@fl"x  condenser  for  two  hours.     At  the  end  of  this
time  a  ¢l©ar  solution  v&3  obt&ine£.     I:ri®  solution  w&S  then
transf erred  to  a  i  1  voluffi®tric  fi&s7rf  using  loo  ml  of
distilled  water.     Tb.a  solution  was  then  diluted  to  11.
S+I:¥C"{O£ £'I0rl¢pr:ffm{IG   ftvIDENC E   OB`l`AI}{ED
tdli-r{`{   :iififf   ,#c'ip,EL   D   {j   fii' jREInojJifc"rcffij:rmREi
The  EeckFi&n  gr4odel   E.   U.   Spectroi:b®toneter  was
chosen  to  inv®&faig&t©  the  ,'absorption  sp®ctr&  af  the  r&re-
e&rth  SIsm©mts  from  J+257/#/ to  750a7/ .     'Th©  $1i¢  width  was
S®i;  &t  C}.3  mm,   i.ron  425";4 to  r*25qu,the  I,.hotomultiplier
att&¢hm©nt  was  used  anfi  from  625qu   to  7507/#/   the  red
sensitive  phototub®  was  ©m#loyed.     The  sensitivity  co}it;rol
wag  get  &t  3.     Th,a  22  megohm  resister  wag  used  with  the
phatomultiplier  and  the  2,coo  megohm  resister  vas  used
with  the  red  sensitive  photottib®.     The  sample  was  pip©tted
into  one  .Beokm&n  rteGt&ngul&r  #®11   and  dilute  p©rchlori®
acid  'das  placed  in  t;h©  other  cell  a8  a  bi&nk.     An  inves-
tigation  of  the  region  from  4.'257/%/    to  75077;#.   showed  that
no  &bs®rptlon  b&nda  were  prss®nt  intiiQ&ting  the  &b8ence  or
the  rare-earth  group  ©xceps  cerium,  lanthanum  aBd  possibly
35
epi.etrium  whitih  h&v®  no  &bBorption   in  thiffi  rsgLgivn  ®f  the
sEiectrun.
EN,AL¥SIS   OF   A   KFTC^Ow   SAFTF;L'ffi   #OH'EAIAnglfiG
#`EN`#firiEL   seEiffiBi#{S   OF   r#i¥   RAItF~¥&is{Pfl   SRSU1+`.
$1nc©  the  rare-®ffimsh  el©mentes  could  not  be  d¢t®c¢©fi
t}F  &'b80xptian  in  the  4a57„/¢o  ?5$77}fty#®gi®n  Gf  the  Spectrum,
a   known   BmREpl®   'atas   r'un  to   m&k®   gur®   t`frs   rtE.n®4wff&#th   ®1eE!®ntB
were  not  b©1ri.g  1¢gt;  due  t®  an  an&i#tlcal  error.     jt  known
ES&m.-rile  was  prepared  cSnt&inlng   *1577  g  Sarsrluml   .2539  a
neodymium  &mfi   +32S5  a  pr&sgod;Fffiiu#t.      7A®  *hles  wag  added
i?.2f&06  g  &m"®nlut"  grhtrs,'ph&t©   ®o   as   ¢Q  have   the  kmtrwn   S&ff.#l®
r®6gtrebl®  a   €grpical   m®n&Eib'ffl   ffi&ENE`l®  where   they  would   all
be   #p®S©flt   &S  thff  phoBph&t;eS.      'ffltis   S&mE:\1®  wag   then  run
through  €h®   ®#&eS   an&ly$1g  whloh  wag  pr¢s®mti®tl  'ffgr@V1®uBlyi
this   imcludea  t±t@   S®m®  ffffi#£®d  of  digestioni   8frme  ion-®#,¢fa&ffig®
¢®1umn  conditions   includinRE  th®   as&m©   s5®1u#1®nBi   SxtmatiSfi
with  m®¢hyl  isSbutyl  ise€®n6;   preeiffl¢&tiGn  urititl  ®x&lic  &€id
and  the  burning  of  €thffi   ®fimpl®  S®  the  oxitle.     rh®  ®xick#  fty&s
then  transf err®fi  tQ  a  £50  ml  FthtizE&  bQStorm  fl&3k  and  red
flu%ed  wifeh  50  ffil   ®f  6S;:`J6  p®rchl®rL¢  ffi€iE.   fop  two  hours€
It  lfag  Sh®n  quELnsitfl*ively  *r&nsf ®pred  tS  a  1  1  v®1um£SriS
flask  and  diluted  t®  1  1*     `H®ifig  the  8&me  t€chniquffis  and
tlu#L1¢atlng  con&ition8  wh¢r©v®r  F®©$1bLae  €h®  flGlu€iSn  w&&
&n&lF#Sdi  wi#h  .Sfa®  B©c'H.man  riodel   8.   U.   ASpSctr¢"hSt®met®r.
Since  S&rmrium  &bffi¢#b.¥  aft  4G1.6?24ci,   n80dymium  at   575*$ 777Lrfu
36
and  pr&®8¢dymium  at  4Jt4.07";41t  wast  d,®eidad  t®  inv®Btigate
€h®s€  *hre©  r®Si®nas  ®f  the  gp®cS"m.     Sarmrlum'  n®€dymlum
and  pr&seodymlum  w©r®   obt&frned   Ses   €h©  ®x&1at$9   {99.9';trm).
&nd  burn©{a  &it  loee°  for  twS  h®nrB  to  thB  exid®g.
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S±j##g±SciTj.io#oaefaryE`±tlG   frylflRE#ff  ¢B#AIRERE
WIHH   'E#:ff  #RISKunH  rs¢u,i¢m   A  ffig`RE¥RS¥#¢"FTExpffi
•ifl `'ff`i I    '+fy.EB &    Ir&,€*Ifi`£    .+h#¥ASfflgr*`firfurff
Sin¢S  n¢   &hs¢xp€i¢fi  S#Sctff&  ®f  fih®  Fthxt®-®&rfeh  ffxr®up
¢#t.21&  ha®   ®t*S&in®d,   iS   w&Pe   &®¢ia©tl   #S   inv©&tig&tfui   Sh®
@mis&i®n  g#SSSF&  &S   a  m®&nsg   £Sr  a   fiu&iingaSiv®   €"nd  in  quan-
tis&#1if®   &Htqilgrngiife*       ¥th®   iffiff`€r'tAm®ifeS   ut£1i%ed   w&®   €h®   E}®Sfa"&r*
E+1®&$1   a   L3p®G#FS#ife®#®ffl®tca#   rfutfa   `Sh®   E®¢:rm&fi   $1a5   RTl&m®
AfaE&#haffiffiHt.       fi'fa®   a¢b&®hagr&enS   ®enfiiBists   ¢g   &m   &¢ffitia9SioffiilF-
in8"}&*eedi  buffH©#  fiottsingS   #R  ¢®fi#roi   £3&nesl   f®H  ##®¢iS®
r®8gui&SiSm   ©f   fu®1   &g2&   #Engr8®"   i:!#®gSUE®£E,    ffififi   a   b&ffl©
asg®mblgr   #®r` &3#u#inffi  #rop®p   &113nm®rfe   Q#   tfa®   rs®mpGfaffifi€g*
Efe®   ¢mlF   rfufldiSiSfi,t`&1   iS®ffiff   #®fi"ir®fi   &r@   #has   tiffirfe©   of   ®Itgrg®m
and   aS®tsgrl®n®   £i.SS©di   givish   r®&tll&€Sp§   ffind   #:g&g®g5.    (#S}      ¥h®
biu®   8®ngiSiv@   p*iSti®iferfe@   eras   ®rmpi©greerfu*   ¥h®   ffieengi#ivitF
¢®nt;rQl   #&ffi   S®'S   &#   #,   tffifid   Sh®   Siii;a   wSffas   Si.7®m®d   S®   i   mffi®
¥hee   'S&m&g   ®f   ¢zap:#®n   wthas   ®#en®d   t®   S®   ffffii*    &ndi   the   *fflF.tk   o£`
&SifeSyl®n®   wfisB   Spcam®a   S®   1Q   H>ffi*      £ffhats   ®xvg©ffi   ¢m   Sh©   €#n*poi
pffin®1   wag   ffilSwlgr   &n€r¢&tsaa   ¥o   i¥.5  pal,   rind  '¢h®   &®®£FISn®
wag   sl®wiy  ins#®ffi&ed  tS  a.5  ff si.     'ife®  ffi¢1tfti®&  wh,iSh  wag
m¢iliSed   S®p  tsth®   &tshrtySp#feiSfi   &#©¢*p&1   &naigrffiB   w&S  tlffs&   foff
¢It®   gREi®SiSn  &±raly©iffl*      £&g&iH  ffi  &iltiE®   esolufyi#n  of   60#
penehl®ria   &¢id   w&g   tis@tl   &£   fi  t*1autE  thtl#ifig  *h®   &E&ELlgrsias®
4JL
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The   emission  p®a}\#S   at  4£IJ37#p;j!4.    and   560 'gz4,  corr©spomd©d   to
the  eml8sion  ¥©&}gE  #®}}orted  in  the  literature  for  lantha-
num.     A  Small  pe&fr  at  about  4907¢74,   was  furtber  inv®stig&ted
using  a  photomulti.eT:,`,1i®r  and  narrowlng  the  811ts.     T}he
r®aSQn  for  interest  in  this  i*®&k  was  due  to  the  fact  that
&n  emission  p®a3±:  for  ytt'ritim  iB   iigt®d  &¢  483.7ay4,   .     'rhe
•,
region  from  4?5?pc:v  to  490qu  was  carefully  invssbis&t®d
with  the  s©n8itivity  set  &t  4,  the  slits  opened  to  a.1  mm,
and  the  photomultipli®r  dial  get  &t  the  D  position.     tithe
oarygen  and  &o®tyl©ne  pr®ssur©g  were  50  pst.   and  10  2:isi.
r®Spe¢Sively  on  the  tanks  and  13.5  psi.   and  2.5  pBi.
reggpec¢iv®1F  on  the  control   }`}&n®1.
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FIGURE  V
A  SCAN  OF  gHE  "ISSI0N  SPECTRA
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Since  lanthanum  emltg  a  atrongr  Sharp  peak  &t
I+1107®¢   it  was  d®cid®d  to  use  thl&  p®atr.  for  the  quan-
titative  detsrminati®n  of  ianthanum.    UBing  the  p®&k  &t
44077,7/4  ton  standard  soluSi®m8  wer®  pp@pared  and  a  o&11-
br&tflGn  ¢umr®  was  c®n©tpuoted.     gh©  ten  ®olutl®nB  were
prepar©&  tier  diiffl"olving  1.6473  g  of  l&nth&rmm  ¢%id®  in
50  ml  of  60%  reagent  grfld®  p®pohlori¢  &oid.     ¥he  perohl®rie
fl¢id  w&#  Sh®n  r@fluxed,   and  &ft®r  all  the  Oxide  di8solv®d
the  sQlutiQffi  w&8  a;uaatita¢iv®1y  tr&nBf erred  ¢o  a  i  i
volum®tric  flask  and  diluted  .€o  I  1.     'r®n  Solutiong  w®r®
than  pr®par®d  by  witlrdr&wiHg  dip f®r`eent  aliquots  and
dilut£"es  ®&ch  &1iquot  So  50  ml  with  diBtill#d  w&t8r  in  a
50  all  volume¢ri¢   fl&gLr.     'i'he  slits  on  the  FTod®1   8  w®p®
set  at  a.2  mE,  the  SenBi.biryity  was  set  at  4  aria  a  photo-
mulbL.rjliSr  was  u8ed  with  the  dl&L  get  in  the  D  p®gltione
rphe  tanks  ©f  Qxpg©n  and  ac®tFlen®  u®re  opened  to  50  pBi.
and  10  pal  resp©ctiveigr.     mhe  g&seB  on  the  o®ntrol  panel
w®r®  &djnsted  to  13+5  Ebsi.   for  oayesen  &nfi  2.5  i38i.   for
tb®   &a®tF1®n©.
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FIGURE  VI
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¥h©   ©missi®n  i.Bsak   aft   ffr®mf g7/L   wth3   usicaid   for   the
qu&ntsi#&tiv@  d©*®rminaticFn  of  grttrium.     Six  st&m&&rd
801uteion#   w®#S  prgp&r®d  &nfi  a  ealitorafyion  ¢urv©  t#&s  o®n~
5truQ€®tl*      <'ffh®   Si¥   Standanrid   goLuti¢mes   w®r®   pr®i#&r®th  by
fliss®1ving   *££1#  g  of  tl#ied  99.99#  ¥¢feriuffl  ¢xitl®  ifi
5¢  REi   ©*  S¢%  peag®nt   gr&d®  #SFShioric   &Sidi.      ''Ph®  ff©H.¢hloriS
&cifi  S$1utian  wfis  r8flu¥®di,   and  &fSesH  all  th©  oxide  di8-
Sfflv@& ,   ths   s#1utiSn  w&ff   quffiHtits&tiv®1gr  *r&n,fifeerr®di  t®
a  i   i  v®1tlm®SriS   fl&fik  and  &ilt3S®d  ti®  i  1.     ¥h©  Six
#oltt'Siong   *#®#©   thiSr]   pr®E?&r®fl  frgr  tiilusing  the   Bb&nd&nd
SSiuti®n  with   bh©  &ppp®Etpiat©  &mSuat   ®9  fiigtilied  wfiS®¥®
rffh®   ¥1fit8   ®n  the   REod®1   a  w©r®   S®€   &¢   S.2  aeffi,   the   s©nsi€iviSgr
ny&&  s©*  at  4  asHd  a  phSt#mulfeiplier  w&S  u8©d  with  the  dial
BeS   in   fyhS   E}  ffo®ifei®n.      ¥Th®   S,amifeS   ®f   SHgrff®n   &ntl   &¢S¢grlsHe
w®r®   F®gul&'€®th   i#   fl!REctily   tthe   i¥&m®   w&gr   &8   w&S   thQn®   in   the
i&mt;h&num  tlSti®rffiin&tiQfl®
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A   ffunrmSi©   ®E   mSfithagitsee,   ffi   tha##i"se*F&#fty-Sa#*ha
#h#ffi#th&*®   #EL§fa`  waeg   tlfotiaLinstl   fp#RE   Ffiffidifis®th   ¢SunSgr*   £`?fi*th
ffinap¢1£ae   wthffi   &ve&E.gr@raF&   ,gs#   p&Fgiv"&F¢hi®   &nd   ,ffl©Sthls
ftyses®S±&#©ck   aei`fah   tsh®   "%r®ttse#Shff *       ¥ur®   ffiti&ffi,FIS®   w®#®   t#fa©m
ti*i##enasfr   #fus   ®®ffi#E®SS   RrmiIrasiffi   #®#   Etr®   H*&p®-®&#*th   ffi#S&iS*
¥m   fr&€Eifi&ay"   #¢    tstrffi   Fargiv©&Fsfa   ffi®ti&1   @¢ffi¢\®ftt *   SEL®   #fa"®at;
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An   fi®mL-S##ha&ffiueEffi   Ssiurmn   wfig   frS#   u#   uiging   rfuasti©Hlisti
Sffi   1£#   "S   SELee   ztSgim*       JiSthS   #&##*Sifegpfrfr   rm©S&i&   w@pS   #ca&h®&
£#Sgr£  SEL®   ¢$1"ffi#E   tt®inas   ¥S®   rml   Off   £+$9¥f   fagrfi#Sfiifei®pi®   &Sifi#
The   .ffl@&ffilffi   w©#S   &`hSfi   ®v&HS#th#©fi   \an&   *&trirgm  fo&¢ts   "E¥   &ffi   Eth®
niS#+Eti®©*      €©fffiasm  "qra®   fiSaea#®ti®tck   g#QRE   trth,®   ®Sh®¥   m#t;rfus   bF
ii&ifeidi-lfi{£uL&fl   ,£#*#&¢ft£*i"   ts¢kem&ffitS®#   REffiing   ft   S®iv©##   ®#
ffiStiftyl-ig®foiisFl   te©tSgis.     ¥faee  #®rfth"  was   fiuffifi#i€\&SivSigr
fi®ts4ggRE±ffiStl   brfey   pgts®i¥iS&*fa®m   ev±fein   ®¥ffilth£   &¢i&   anti   keurmlflff
S`h8   fr*peeSi¥ii;ffitsca   ifl  ffi  ffingf#ia±   #H#Thass   &$   1®en®S   t¢   #fa*&in
ShS   ®REidi#.      `#hs   ®titr®#   rsFgivsffi#tsha  m®SSirs   wdigrs   &i&®   #F@€i#u
i#gB#®&   EL®   &hi#   #ifegriffl#ger   &mffi   ife"#ffi,®tl   tie   -Eth®   Srfu&e#.       £tfroS
®mlgr   ®S.fa®#   ffi®€ffila   ®foffis¥#®ck   ey®#RE   IRE*ha&"t*m   mntl   yt;trium
wini*Th   w®r©   qmRE*ite&tiiir®1#   diffi¥®#rdn®st   ues*mex   #th,®   ffi©Sife:ffi&flL
9125   ffl&rmffi   rfuS€&eehRI#"t   #i.&th   Shca   ffied®k   8   ifep®c¢p®phffS¢ffiffi*®p*
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Th®   tq#e   g&"i:*1ee#   ®£   m®rm#+i'l:re   arhifit   w®rti   &n&1yz®&
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cQntser}£S   i3   ifl   figE'®enffi®nt   i^®ritth   Stifa®r   pun&iish@fi   #®asultE5.    as
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